1. 2 Material selection............................................................................................................. 4 1. 3 Scaffold properties........................................................................................................... 4 1. 4 Fabrication methods........................................................................................................ 
INTRODUCTION
In this lecture we will talk about liver regeneration and also the importance of structural support that help in the regeneration of hepatocytes. Hepatocytes are the cells, which are predominantly found and constitute a key population only in liver. As we know, liver is the second major internal organ in the human body with four lobes and weighs about 1.4-1.6 kg. It is a soft pinkish brown organ and is made up of different population of cells such as ito cells, Kupffer cells, stellar cells, and sinusoidal endothelial cells of which hepatocytes accounts for about 75%. Major functions of liver such as secretion, metabolism, digestion and detoxification are taken care by highly proliferating cells i.e. hepatocytes. About five months is considered to be the average life span of hepatocyte and is supported by native ECM where collagen type III is chief component.
CHALLENGES
The major challenge faced by tissue engineers for the development of scaffold for liver is to prevent the dedifferentiation of hepatocytes when cultured in vitro.
Usually, hepatocytes tend to differentiate into fibroblast and other cell types when cultured in vitro due to the lack of native extracellular matrix (ECM). Thus the ECM plays a crucial role in cell replication and its maintenance. Keeping this in mind it is desirable to develop an ideal support to maintain the phenotype of these cells and apply them for in vivo implantation to help patients suffering from end stages of liver damages.
Of late, liver transplantation is the only alternative for the patients with end stage liver failure. Though organ transplantation saves patient's life, limited availability of organs from living and cadaveric donors, poor survival rate of around 61% with long waiting list of the patients and expensive treatment procedures has motivated the search of new technologies to address these current problems.
The best alternative to restore the functional liver tissue is the tissue engineering & regenerative medicine strategy that holds good for the treatment in these severer conditions.
MATERIAL SELECTION
For this application, choice of the suitable biomaterial is of great importance since this replaces the native ECM and should function properly without leading to further complications for the patients. Diverse materials both natural and synthetic have been exploited for the development of the scaffold for the optimal restoration. 
SCAFFOLD PROPERTIES

FABRICATION METHODS
Several fabrication techniques like electrospinning, solvent casting, particulate leaching and sol-gel transformation for hydrogels are highly exploited for restoration of functional liver tissue. However, each has its own merits and demerits when it comes to application. This clearly indicates the role of fabrication techniques in the development of the scaffolds.
For example let us assume that the scaffolds developed via electrospining of natural polymers are used. In order to increase the stability further, crosslinking is required which make use of some toxic chemical agents such as glutaraldehyde.
Suppose scaffolds used for liver regeneration is developed by particulate leaching method, where porogens (like salts, sugar, wax) are used to create desirable pores of uniform size. This type of scaffold requires leaching process to remove the porogen completely. However, disadvantages such as high porosity with inferior mechanical strength, and loading of growth factors limit its use.
Let us take hydrogel as a susbtrate. In this case, growth factor loading, comparable mechanical property to native with adequate pore size and porosity are advantages of this scaffold. However, fragilability, poor handling ability limits its potential use. In addition, care must be taken to avoid chemical crosslinking for hydrogel preparation. The schematic representation of 2D nanofiber mat and 3D particle leaches scaffold is shown below: 
SCAFFOLDS
Decellularised porcine liver sheets have been used for hepatocyte culture and it was found to promote the cell attachment and its viability and was also able to maintain liver specific function for about 21 days. This suggests that the prepared matrix was able to maintain its function for a longer period. Since, the matrix is taken from the native source it helps in cell maintenance. Collagen was coated with electrospun poly(L-lactic acid) random and oriented nanofibers. Collagen is used as it is a natural polymer and mimics the ECM. This is blended with PLA to increase the mechanical stability and for the ease of fabrication. Use of collagen is expensive and is also not stable when electrospun. The cells were grown on the aligned nanofibers but these did not promote organoids and even function of these cells were lost after seven days suggesting that only physical cues, i.e the alignment were not sufficient to support the hepatocyte growth. This may be attributed due to the absence of growth factors and high porous structures on the scaffolds.
Similarly, other scaffolds have been examined for controlling the transdifferentiation. However, cell death was the primary problem at the end of seven This was attributed to the cell-ECM interaction that maintained liver specific activity.
In vitro studies of primary rat hepatocytes on polyurethane foam (PUF) supported the spheroids formation and expressed high functional activity for a period of six hours of culture. This study shows the importance of the exogenous addition of growth factors on the scaffold for the culture and maintenance of the cells. But the major drawback with the exogenous addition of growth factors is that, they have a very less half-life in the plasma circulation. These growth factors however need to be supplemented with the media frequently during the media change process, which becomes an expensive procedure. In order to overcome these limitations, sustained release of growth factors from the scaffold has been attempted for maintaining the cell functionality for long term in vitro. Hepatocytes
